INL/EXT-21-61752-Revision-0

Fuel Cycle Strategy Impacts

Brent W Dixon

.

|daho National

|_(] oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/EXT-21-61752-Revision-0

Fuel Cycle Strategy Impacts

Brent W Dixon

February 2021

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



N
o
~
-
@
-
D
T
X
w
=
-
Z

tor

irec
ion

| D

nica
& Integrat

uel Cycle Strategy Impacts

.

ICS

t

IS

ource Utilization and Waste Character

ory

f

abora

L

ional

\daho Nat



Uranium Mining Needs

At current usage, known uranium reserves are sufficient for 130 years
— Exploration to discover additional reserves will be minimal until uranium prices
recover from their current low value
* The open-cycle takes ~8 MT Uranium to make 1 MT of fuel
- 8MT U, @ 0.72% U, yields 1 MT LEU @ 4.3% U5 +7 MT DU @ 0.21% U,y

. Mono-recyc|e recovers Figure 4. Natural uranium consumption relative to open-cycle
fissile content from SNF 1
~ ~1.2% Pu + ~1% U, 00

— Reduces U, needs by 25%
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* Multi-recycle uses fast
reactors to make fissile
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Matural uranium concumption
relative to ope rrcycle
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— Can use waste DU instead E‘:'
of mining o 0.004
— Existing DU would last Open-cycle Mon-recycle Multi-recycle

~3,000 years before need to
resume mining

Source: NEA, 2006; Zohuri and McDaniel, 2018.
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ll High Level Waste Production

* In open-cycle, SNF is disposed
- Includes ~94% residual uranium, 5% fission products, 1% transuranics (TRU)

* In mono-cycle, most of U is low level waste, some TRU is destroyed
— Reenrichment of recovered U -> over 85% becomes DU, rest recycled into fuel
— Most remaining fissile in U and Pu consumed during 2" cycle
— All fission products and 2" cycle SNF is disposed

° In multi-recycle, only Figure 6. High-level radioactive waste volume for the fuel cycle options
minor actinides (MA) and 5
fission products \ 408
disposed

3

— Optional recycle of MA
further reduces waste
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Total amount of conditioned HLW
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Source: Advanced Nuclear Fuel Cycles and Radioactive Waste Management (MEA, 2008).
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Jlll High Level Waste Radiotoxicity, Decay Heat

- Radiotoxicity sources in spent Light Water Reactor (LWR) fuel
— Primarily fission products for first ~30 years - until most decay away
— Primarily transuranics for up to 250,000 years - until most decay away
- Long-term from remaining uranium — due to buildup of decay products (radon)

* In multi-recycle with minor actinide recycle option. ..
— Only trace amounts of uranium and transuranics disposed
— Remaining radiotoxicity and decay heat only from fission products

Figure 7. Ingestion radiotoxicity for spent light-water reactor fuel and  Figure 5. Decay heat at 50 years and 200 years for fuel cycle options
processing waste where actinides are recovered for recycling
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Time after dischargs (years) Source: Advanced Nuclear Fuel Cycles and Radioactive Waste Management (NEA, 2006).

IDAHO NATIONAL LABORATORY

Source: Potential Benefits and Impacts of Advanced Nuclear Fuel Cycles with Actinide Partitioning and
Transmutation (MEA, 2011).




